Twelve chronic hemiparetic outpatients with pronounced lower limb extensor spasticity were injected with 400 units of botulinum toxin A, EMG guided into the soleus, tibialis posterior, and both heads of the gastrocnemius muscles. Botulinum toxin A caused a definite reduction of plantar flexor spasticity, in 10 patients two weeks after the injection, as assessed by the Ashworth scale. Four of the patients were able to achieve active dorsiflexion of their affected ankle. Gait analysis including the measurement of vertical ground reaction forces showed a statistically significant (p < 0.01) improvement in velocity, stride length, stance symmetry, and the length of the force point of action under the affected foot. Qualitative improvements on the force diagrams indicated a better loading, advancement of the body, and push off of the affected limb in seven patients. Eight weeks after the injection the effects waned.
Botulinum toxin A injection has been successfully used in the treatment of focal dystonias.' Early studies on the treatment of spasticity reported a significant reduction in tone of the leg adductors, upper limb flexor spasticity, and spastic foot drop.2-5 One report included an assessment of the ankle range of motion and clinical observation of gait four weeks after the injection of the British product. 4 Problems associated with plantar flexor spasticity during gait are a forefoot contact, a reduced loading and stance duration on the affected limb, a stance equinus, a poor progression of the body with reduced stride length, a lack of push off, and a dragging of the toes. 6 To elucidate further the effects of botulinum treatment on lower limb extensor spasticity, we conducted a study in chronic hemiparetic patients, injecting a larger dose of the United States product than reported previously.
Methods

SUBJECTS (TABLE 1)
Twelve chronic hemiparetic outpatients (three women, nine men), who gave written informed consent, participated in the study. Their mean age was 48&2 (range 30-59) years. Eight had a right and four a left hemiparesis with a mean stroke interval of 24-5 (range 6&7-84) months. Aetiology was in all cases a supratentorial lesion with ischaemia in eight and a vascular haemorrhage in four patients.
All had a pronounced increase in muscle tone of the lower limb. One patient scored grade 3 (large increase in muscle tone), six scored grade 4 (passive movements difficult), and five scored grade 5 (rigid) on the modified Ashworth scale, tested during passive ankle dorsiflexion in a supine position. Walking barefoot, initial contact was made with the forefoot and gait was impaired by stance equinus in all cases. They could walk independently at least 10 metres with the help of devices: all except one walked with a cane and eight of them wore a semirigid ankle and foot orthosis.
Before their admission into this study, all participants had been trained within intensive stroke rehabilitation inpatient programmes including physiotherapy, oral antispastic medication, icing, and application of serial castings in three of them. Results are means (SD); stance symmetry, swing symmetry = ratio of the phase; DS init, DS term = double stance durations, initial with the affected leg in front and terminal with the affected leg behind, normalised by stride duration; Traj-aff, Traj-non-aff = length of the trajectories of the force point of action under the affected and non-affected foot normalised by foot length.
* Significant improvement at p < 0-01.
muscles of the affected side were treated with a total dose of 400 units of Botox (100 units ( = 1 ml of fluid) each). The rather high amount of toxin was derived from our experience with the treatment of severe upper limb flexor spasticity,5 where a dosage of at least 40 ng of the British product (equivalent to about 320 mouse units of the United States product, personal communication, Allergan) proved to be effective.
MEASUREMENTS
The patients were examined by two independent persons before the treatment, and two and eight weeks after it. Muscle tone was rated by the modified Ashworth scale.7 The ankle range of motion was-tested in a supine position for dorsiflexion and eversion. It was graded from 0 for no increase in muscle tone to 5 for a rigid plantar flexion and inversion. The Rivermead score for the leg and trunk was used to assess motor function after a stroke. 8 An Infotronic force shoe system was used for the kinesiological measurements during gait with preferred shoes and walking canes but without ankle and foot orthosis.9 Velocity, cadence, stride length, stance, and swing time symmetry, double stance durations (initial with the affected leg in front and terminal with the affected leg behind), were used for statistical analysis. Trajectories of the force point of action under both feet were also assessed in % of the foot length. The nonparametric Wilcoxon test was used for the statistical analysis (corrected a = 0x01). Two weeks after the injection the Ashworth spasticity scale showed a reduction of 1 point in eight and a reduction of 2 points in two patients when tested for ankle dorsiflexion. Ankle eversion was reduced by 1 point in eight patients at the same time.
Eight weeks after the injection, the Ashworth scale showed a fading of the effects in six patients by 1 point in ankle dorsiflexion, to the previous level in four, and a partial fading in two. They had initial grades of 5 (five patients) and 4 (one patient). The dorsiflexion remained unchanged in three patients and further improved in one. These patients had an initial Ashworth grade 4. At the same time the improvement of eversion remained stable in five patients.
RIVERMEAD SCORE
Two weeks after the injection the Rivermead score improved by 1 point in three patients and by 2 points in one patient. Two of these four patients could then achieve dorsiflexion of the ankle with the knee partly flexed and another two could achieve this with an extended knee. One patient could additionally tap with the non-affected foot five times while standing on the affected foot. Eight weeks later these effects could still be seen in two patients.
GAIT ANALYSIS (TABLE 2) Two weeks after the injection, velocity, stride length, stance symmetry, and length of the trajectory of the force point of action under the affected foot significantly improved ( fig  1) . Cadence, double support times, and the trajectory under the non-affected foot also improved but did not reach the chosen significance level of p = 0-01. The beginning of the force trajectories under the affected foot showed initial contact with the flat foot instead of the forefoot in nine patients. Vertical mean force diagrams, averaged over the four consecutive trials, showed better loading and push off of the affected limb in seven patients two weeks after the injection, indicated by a steeper ascent and descent of the force curves (fig 2) . The variability of the forces was also reduced.
Eight weeks after the injection, only the trajectory of the force point of action remained significantly longer than before injection. In six patients the initial contact was still made with the flat foot. Velocity, stride length, and stance symmetry did not differ significantly. The qualitative changes in force diagrams (better loading, push off, and less variability of the curves) remained stable in two out of seven patients. Figure 1 gives the trajectories of a right hemiparetic patient before and two weeks after injection. Before treatment there was an initial contact with the forefoot of the affected leg, then the point of action moved towards the midfoot and again forward during the terminal stance phase. The trajectory remained under the forefoot throughout the stance phase and did not exceed 40% of the foot length. Due to the ankle plantar flexion of the affected leg the patient had to lean forward Botulinum toxin treatment for lower limb extensor spasticity in chronic hemiparetic patients Therefore he loaded the non-affected leg at the midfoot. After the injection there was an initial contact with the lateral border of the foot immediately followed by the flat foot. The force point of action moved forward from the rear part to about 60% of the foot length. The force trajectory also improved on the non-affected side. Figure 2 gives mean (SD) forces for the patient for whom data are presented in fig 1. Two weeks after the injection better loading and push off were displayed together with considerable reduction of variability. Similar but less expressed improvement also occurred on the non-affected side. The effects shown in figs 1 and 2 were diminished after eight weeks.
SIDE EFFECTS
There were no systemic side effects. Locally, botulinum toxin A caused slight weakness of the plantar flexion and knee extension in two patients two weeks after the injection. Eight Figure 2 Verticalforce diagrams of the nonaffected and affected lower limb in a right hemiparetic patient before and two weeks after the injection of botulinum toxin A. Plantar-flexor spasticity mainly reduces stride length by an impaired body advancement during the stance phase.6 Correspondingly, the length of the force trajectories under both feet (40 7% for the affected and 61-3% for the non-affected leg) was reduced. Normal values range from 85% to 90% of the foot length. 12 The impaired forward movement of the lower leg is partly explained by a premature calf muscle activation already in the terminal swing phase.'3 14 It leads to a tension increase sufficiently large to shorten the muscles before the body has passed ahead of the foot. An initial forefoot contact in combination with a lowered stretch threshold of the spastic plantar flexor muscles promotes this concentric muscle activation.'3 By lowering muscle tone, botulinum toxin might have increased the stretch threshold and thus improved the progression of body and stride length. This assumption is supported by the six patients who reported that achilles tendon cloni were lessened. The change from initial forefoot contact to foot flat with the affected leg in nine patients further supported body progression.
Premature and persistent soleus activity can also cause stance equinus, which in turn leads to poor weight acceptance, asymmetry of the stance, and double support phases. '5 The vertical force diagrams and the stance symmetry ratios displayed an improvement of the stance equinus and weight acceptance two weeks after the injection, which lowered the risk of spraining an ankle.
Besides gait, other motor functions also improved as confirmed by the Rivermead scores. Four patients could achieve dorsiflexion of their affected ankle while lying down. Botulinum toxin A injected into the plantar flexors may have reduced reciprocal inhibition caused by the Ia extensor afferents, which inhibit flexor motor neurons in spastic lower limbs. '6 17 Eight weeks after the injection the muscle tone increased again, partly in two patients and completely in four. In the four patients with complete increase of muscle tone after eight weeks, three initially had a rigid ankle in plantar flexion (Ashworth grade 5), and one had a considerably increased muscle tone with difficult passive movement (Ashworth grade 4) . The two patients with a partial increase had an initial grade of 5. It seemed that the effects lasted for the shortest duration in the most spastic patients. The alteration of mechanical properties of the muscle, influenced by the poststroke period, might also shorten the effects. 18 Despite the increase of muscle tone, the force trajectory under the affected foot remained significantly longer during gait (p < 0.01), even in four patients with increased spasticity. The gait cadence also remained high, implying the value of better and more frequent gait practice during the study. As the patients were not extensively treated during the eight week period, a comprehensive rehabilitation programme might preserve the effects of injection.
So far, the high costs of the botulinum toxin A injection and possible short term effect raises problems for its application. A double blind placebo control study should quantify the effects and validate the cost effectiveness of the botulinum toxin treatment.
